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After  rabbits  were  challenged  with  sterile  anthrax  tbxin, 
chol inesterase  "in'  the  blood  initially  increased^  then  after  6 
to  12  hours  it  began  a  gradual  decrease  to  40  to  50  per  cent 
of  that  of  the  control.  Cholinesterase  inhibition  also  was 
observed  in  blood  of  monkeys  infected  with  systemic  anthrax. 
Vfhen  Wlstar  rats  were  challenged' with  toxin,  a  marked  increase 
of  imoatu^,^  white  bl^Od-'Cells  was  observed,  Parrtlys-is  of  -  the 
monkey  “and  rabbit  sr^gested  central  ne"rvbus  system  involvement. 
These  .observations  on  cholinesterase  inhibition  end/ior  shifts 
l^in  white. blood  cells  may  be  useful  to  detect  establishment  of' 
-systemic  anthrax  in  cases  of  suapected-'^  exposures  prior' to  the 
observance  of  the  terminal  septicemia. 


Systemic,  anthrax"  of  man  or  Mimall  rffrely  is  detected  before^  the-’occbr- 
rebct  of  the^pre terminal  septicemia.  A  mfeans  .df  aarly  detection,  theref^ore,^^ 
la  needed  In  ortier  to  initiate  treatment. ^  ^ 

*  wring  our  studies  on  payiogeneeia  of  anthrax,*  Btudle8,^were  made  of 
thV  e°ffect  o°f  both  the  b«ci4ias==end  of- toxin  alo;ne  on  experimental  hosts ,  • 
following  challenge,  Inhibition  of  cholinestereae  and  a  merited -increase 
in  immature,  granulbcytte  .^leucocytes  was  observed.  These  physiological  re-^ 
‘actions  following” challenge,,  of  expetlamntal  liQata  wltli  toxin  or  spores  are  . 
discussed  In,  thi#  Certain  physldlogicsi  effects  purportedly “dxie  to 

cto^ln.  on- the  gsntrel  nervous  systsrm  sre  described.  Since-  these  tests  sre 
nonspecific,  their  limited  medics!  value  IS'^reeognlEed. 

^  ^  "  "j’  ..  ®  “  &.0  L'.  "■  ...  •  *■ 

The  quantitative  procedure  for  determining  ted  blood,,  cel  Vcholineste'rase 
activity  was  that  of  F  lei  she  r,^  Pope,  and  Spea>,^  which  Involt/es  IncubatldW- ^ 
of  hemolyzed  whole  blood  with  acetylcholine  and  measurement  of  the  color 
imparted  by  an  indicator.  The  qualitative  screening  method  of  Llmperos 
and  Ranta*  also  was  used  in  our  initial  work.  This  test  Indicates  none, 
some,  or  major  (not  necessarily  complete)  inhibition  of  cholinesterase. 

White  blood  cell  determinations  were  made  using  the  methylene  blue-phloxine 
in. propylene  glytol  method  of  Randolph.^  Both  total  and  differential , counts 
were  determined  from  the  same  wet  preparation  by  this  method. 


The  sterile  anthrax  toxin  used  in  these  studies  was  produced  in  vitro 
by  the  method  of  Thorne  a  I,.*  For  rabbits  this  toxin  was  concentrated  by 
frcozG  drying  to  four  times  Its  original  concontratlon  and  adminiotered 
intravenously  .^through  the  marginal  or  cephalic  ear  veins. 


Thr«‘  groups  of  New  Zealand  whi-te  rabbits  iisve  been  observcri  ?cr 
■,)i;ysiological  changes  following.cbal  lenge  with 'iron  25  to  63  misi  ii  liters? 
ot  toxin.  Ten  rabbits  wer6'  challengeti,-  Variru-/  cofttrol&=  wer--  run,  in*^ 
eluding  injection  with 'saTine,  culture- Tnedliin^  antiserutaj^  and  loxin  neu-- 
tralized  with  heat  or  antiserum.  Data  for  char-t'  in  cholinesterase  for 
one  group  of  rabbits  are  given  i-n  Tatle  ,  '4  - 


,  TABLE  1-  CHOLINE'STERASg  ACTIVITY- IK  xABBIT%^§IVEN'“  IN  VITRO  TOXIN 
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An  iBlttal  Inernatn  >n  chollnaittrai*  activity  from  «ppr<nim«t«ly  1.70o 
to  Z.lO-^microwiras  of  aeatyleholina  hydrolysad  waa  obsarvad  at  six  h^rs, 
foiltwad  b$r  a  gradual  >4tcraaaa"°to  40  to  SO  cant^of  saline -injactad  con-  ^  - 
trol.  paach  jxcurrad  at  thraa  to  five  days anlwla  that  died  showed 
■axlaua^lnhlbitjLon  of  cholinesterase  activity  at  death.  \  Survivors  were 
equally  inhibited  but  gradually  r^ainad  activity’  following  the  critical  ~ 
period,  „  ,  '  ”  T'  ^  ^  '  r?  ,, 

.j  ®  '»  O  '  '  .  ‘®*  ,  ■ '  *  c  ■  ,  .  c  •  ^  • 

The  cholinesterase  change  wsc  followed  in  four  rfie sue  monkeys' clwillengod 
intraderma lly  with  105  anthrax  spores  6f  the  VU>  strain.  The  qualitative 
teat  used  indicated  partial  inhibition  at  labours  and^ "complete"  inhibition 
at  24  hours  after  infection.  The  inhibit idh  remained  complete  until  deaths 
at  41  fo  48  hours.  o 


White  blood  cell  counts  were  made  of  ten  rabbits  and  eight  Wistar  rats 
challenged  with  toxin  apd  tWo  rhesus  monkeys  challenged  with  spores.  After 
chQlluuga  with  toriin,  all  specioR  ehownd  that  total  white  blood  cells  in- 
cronsQcl  sovaral  fold,  ncconpanied  by  n  marUod  incroQOQ  in  iitraaturo  granulo“ 
cytic  cells.  With  the  rabbit  this  change  occurred  at  12  hours  and  was 
accompanied  by  the  observation  of  imnature  fed  blood  cells,  indicating  a 
premature  release  of  these  cells  from  the  bone  marrow.  "The  several  kinds 
of  controls  showed  little  response  or  less  extreme  rise  in  white  blood  cells, 
and  this  rise  was  not  accompanied  by  observation”  of  immature  red  blood  chlls. 


0i;r  pbserva^lf ioa4^,w.ith  parallel  cbsarvations  of  Bleefe  £r  on" 

anthrax’"  in'  tabMt3''T;d  f  he' Ehat.^both  g^oupc  ^i^bserved  a  sarK.eti  increase 
in  insnature  gr3n’>?;i'Ooy:};iq  ho«?;si’*''fter“"£liallen:,-e ,  a  twpfdTd 

ctease^  in  total  count  df^irfiibe  blood  cells,  was.-observed- for  Wi^far  rats  ^ 
challenged  with  tOxin,  A  reversal,  of  t]ie  ratio  of  U-mphodytas  to  granulo¬ 
cytes  from  a  normal  80 tl5“  to  40:60  was  observed  at  aeven  to  eight  Siours. 

This  shift  was  a  result  of  increased  immature  granulocyt&s.  LyrtphccS'te'? 
remained  normal.  Inci-ease  in  immature  granulocytic  cells  was  also  observed 
with  ant hr ax -in fee ted  monkeys.  Immature  red  blood  cells  were  observ ad  only 
Just  before  death,  at  which  rime  the  total  white  blood  celj  number  was'  deg 
creating, 

ParSlysis  has  been 'most«  pro'ncJunCed,  in  rabbits  challenged  with  toxin.  -In 
roost  rabbits  a  flaccid  paralyses  of  tl>'e  hind  ‘tjuarters'wa.s  obfserved  ar  30°to 
36 ^flours/ which  continued  for  24  to  48'more  hours^  Initiation  of  paralysi3=‘ 
was  closely  associated- with-,^thf  ‘Observation  of  ch,61ines^erase  fnh^lbitlon.'!  > 
However,  recoye^  from , para lysis  preceded  significant  rjse  in  "cholinesterase 
activity  with  modefate'-to-complete  (font rob  of  the  hind  oiimbs  being:  regained. 
Either  full  recovery  occurredlin  rabbits  challenged  at  the  lowest  dose""  or  a 
-apasflc  paralysis  developed  10  to  15  minutes  before  de^th.  At  this  time 
hyperien8ltlvlty“  to? touch '^snd  sound  occurred.  The  mmkey  challenged  with  "  ‘ 
t'oxln  alio  showed  apastl^c  paralysis  several  hours  before  death.  .  Rata 
ahhwed°ntfrked  hyperseneitlvity.^  In  all  animall,  death  occu^ed  rapidly 
without  a  prolonged' agonal  period.  '  ^  ” 

observations j "Which  are  preliminary  and- make  use  of"  unpurlfied 
toxin^^show  that  cholinesterasa  inhibition  is  one  of’ the  physiojogicaf^  ef-  „ 
fects  resulting  from  administration  of  anthrax  toxin  to  experimental  ant-  “ 
male.  ^There  is  uncertainty,  however,  as  to  whether  this'  phenomenon  can4>e„ 
etcributed  t,o  the  direct  ectjLon  of  toxin  or°  if  .^It  is  tj^e^result  of  s  "side  ' 
reaction."  Interference  with  pjrotein  metabolism  has  been  sugge*ted,  because 
the  decreaso  in  activity  grediielly  occurs  over  e  period  of  time  and 
reaches  complete  inhibition.  Inhibition  also  occurs  during  the  course  of 
disease.  Vhen  challenge  is  with  toxin  alone,  hypersensitivity  is  observed, 
in  each  of  the  three  species  and  paralysis  In  the  mt^Tcey  and  rabbits. 

I..’  ’h 

The- observations  made  during  the  course  of  disease  and  following  admin- 
tatratlon  of  anthrax  tpxiTi,  although  preliminary,  do  indicate  that  there 
is  involvement  of  the  central  neryous  system,  or,  more  specifically,  a 
hyppchalaaic-hypophyseal-adr^nal,.  interaction  (as  in  the  Waterhouse- 
Friderichsen  slT-droae)  that  is  responsible  for  the  observed  effect. 5. 

The  two  ph>‘siological  rTaSponEts  followed  Jn  thl6  work,  although  non- 
specific,  may  provide  means  of  detec?:ing  antlirax  prior  to  the  septioemie' 
stage  in  animals  knewn  to  be  exposed  to  finthrax.  The  testo  have  value 
becausG  they  forewarn  the  clinician  as  to  what  he  might  expect  even  though 
it  does  not  provide  him  with. a  definite  laboratory  diagnosis.  The 
vidiousness  of  anthrax  infection,  its  slight  warnings  of  danger,  followed 
by  a  precipitp'u.s  course  of  rapid  events  leading  to  death,  would  make 
presumptive  te-'Sfcs  valuable  addltion.s  to  the  armamentarium  of  the  diag.- 
nostician. 


1,  Fleischer,  Hf,;  Pope,  E.J.;'"and  S.F.:  "  "Deteifiriinar icr;  of;  Red 

Wootf  Cell  Cholinesterase  ActivTty  in  Wholr  filood, "  "  Arch  in  I  h£.  -and 
"Cgcup  Hed"  lliB2-33f /,.19  55.  '  ‘  ■  ' 


,Liaperos^/-G.j  an^  Rar.tra,  ,”4,  ftapid  Screening  lAst  for  Determina- 

"tion  of  Approximate  Cholinesterase  Activity  ng  Human  Bloody"  Sciente . 
117:433'-4  5'jl  'l?t53.  '  C'  ^  -  -  - 

^  *S  •'  'a'’’ ^  ..V. 

3,  Randolph',  G. :  "D-ifferentlationraipd  E^sE-ration  of  Eosinophils  in  the 
Counting  Chamber  with  A  GlycoT_^ffain; -A" Valuable  Technique  In 
Appraising  ACTH 'Dfesage,'*  J  Lab  and  Clin  Med 34:169b-1702=>o  1949.‘  .  -  ' 


'4.  Thome,  C.B.;  Molnar,  D.H.;  and  Strange,"  R.Ev’  "Production  of  Toxlif  “ 
„  ^  vitro  by  Bacillus  anthraeis  and'  ita^Separation  into  Two  Cdaponents,''^ 
J  B^,-  7if:450-455, 'I960;  •  =■  *  ,  '  °  r  ‘  , 

.  o  s'.  '' 

O^O.  ^  ^  ■*  '  ^  ,  5  ^ 

^  5.  Blooo,  W.L.;  McGhee,  W^.J. ;  Crooartle,  *W.  J.,;  and  Wats  oh',  D.W^;-  "Studies 

^  on  Infection  with  BacfTlub  anShrdcta .  VI.  Physiological  Changdi  in 

Experimental  Anlaala  During  the*^urae  of  Infection  with  B.  anthracia 
J  th£  Bil,  80:137-144,  1947.’.  .n  ‘  ’/  .  "  v  '  v  ,  - 


